This MRI study examined the morphology of the olfactory sulcus, a potential marker of early neurodevelopment in 26 patients with bipolar I disorder and 24 matched controls. Bipolar patients had significantly shallower olfactory sulci bilaterally compared to controls, suggesting that neurodevelopmental abnormalities contribute to the neurobiology of bipolar disorder.
Introduction
A large number of studies suggest a close relationship between olfactory and affective information processing, with common underlying neural substrates including limbic structures (Soudry et al., 2011) . Although olfactory function in bipolar disorder (BD) has not been well documented (Burón and Bulbena, 2013) , several recent studies have demonstrated olfactory dysfunction in BD (Cumming et al., 2011; Hardy et al., 2012; Lahera et al., in press) or in a BD subgroup with psychotic symptoms (Striebel et al., 1999) .
The olfactory sulcus appears during fetal development at around 16 weeks of gestation (Chi et al., 1977) , and its depth has been related to olfactory function in healthy subjects (Hummel et al., 2003) . For psychiatric disorders, an abnormally shallow olfactory sulcus has been reported in schizophrenia (Turetsky et al., 2009a; Takahashi et al., 2013) , supporting the notion that olfactory dysfunction is a prominent feature of schizophrenia and may represent a marker of early neurodevelopmental abnormalities (Brewer et al., 2001; Turetsky et al., 2009b; Kamath et al., 2014) . In addition to clinical and biological commonality between BD and schizophrenia (Whalley et al., 2012; Tamminga et al., 2013) , some neuroimaging (e.g., Takahashi et al. (2010) ) and post-mortem studies suggest a possible embryonic developmental etiology also in BD (reviewed by Sanches et al. (2008) ). Furthermore, BD patients and their unaffected first-degree relatives are likely to share brain morphologic changes related to olfactory processing (e.g., anteriorlimbic structures) (Matsuo et al., 2012; Nery et al., 2013) , suggesting that abnormalities in the olfactory structures may be at least partly associated with vulnerability to BD. It remains largely unknown, however, whether BD patients exhibit morphologic changes of the olfactory sulcus.
This magnetic resonance imaging (MRI) study investigated the olfactory sulcus morphology in BD patients and matched controls. Based on previous olfactory ability findings in BD and the potential role of olfactory sulcus depth as a marker of early neurodevelopment, we predicted a shallower olfactory sulcus in BD patients compared with controls. We also investigated the association between olfactory sulcus morphology and clinical features of BD.
Methods

Participants
Twenty-six patients with DSM-IV bipolar I disorder and 24 age-and gendermatched healthy controls participated in this study (Table 1) . Patients were recruited through advertisement and via a dedicated specialist bipolar disorder clinic based in Sydney, Australia. Diagnoses were made by a research psychiatrist (GM) using the Structured Clinical Interview for DSM-IV (SCID-IV-P) (First et al., 1998) , supplemented by case note review. The majority of patients were euthymic at the time of scanning. Controls were recruited predominantly via advertisement, and they were screened for a personal and family history of psychiatric or neurological disorder using the SCID-IV nonpatient version (SCID-NP). Participants were right-handed and excluded if they had a history of ongoing substance misuse, 
